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(54) Fining compound for use in cables and spliced cable connectors 



(57) An innproved filling nnaterial having superior 
properties in inhibiting fungal growth and wire corrosion 
IS aisclosed. The material is a styrene block copolymer 



dtssoived in napthenic or paraffinic oil, containing poly- 
ethylene and containing a fungus and corrosion inhibitor 
such as 2-(4-thiazolyl)-benz!midazole. 
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Description 



TECHNICAL FIELD 

This invention rel^ies to a filling co-rpound for use ,n cables and connectors used for connecting corresponcsng 
electrical conductors cf two cables at a solice location. More particularty tne invention relates to a fiilmq con^pound 
whicn waterproofs, insulates and reduces contannination in cables and connectors caused by dir^ dust fungus water 
anc other contanninants 

ID BACKGROUND OF THE INVENTION 

Cable used in the teteccmfr,unicaticrs mcustr^/. such as in teleohone systems, generally, reouires a waierprooting 
tilling material in the cable to protect the cable ^rcm water entry. This is true whether the cable is buriec oeneatn the 
ground or laid under water Waterproofing is also sonnetinnes required tn aerial applications. Attennpts to wateroroof 

75 cable, such as buriec cable, began nearly .00 years ago and were unsuccessful in a practical sense until the intrc- 
ductton of plastic insulated cable during tne 195C's, Since 1Q70. large quantities of cabie have been filleo with water- 
proofmq comoounds This approach followed the recognition that in plastic insulated cable the Iccaiized intrusion of 
water into the caole sheath is not n itse;f a serious problenn. Disruption or deterioration of serv'ice occu'5 when long 
lengths of cable become flooded Flooding occurs because water that penetrates into a localizec opening in the cacie 

20 sheath is free to channel as far as gravity allows, often hundreas of feet. A solution that has been wideiy aoooted is to 
fill the voids within the cable with a water insoluble filling nnaterial that simply plugs the cable to channeling water Such 
filling rr^aterial is disclosed in U S Patents 4. 1 75.240 of Sabia and 4.259.540 of Sabia which cisclosures are incorpo- 
rated by reference herein. 

The Sabia filling matenal is a styrene-ethylene butylene-styrene tribiock copolymer (SE3S) dissolvea in mineral 
25 cil, With polyethylene added for consistency The matenai was carefully tested for use in underground cables and thus 
the major considerations m evaluating the composition were its viscosity, temperature stability and mecnanical char- 
acteristics such as handteability. An acceptable composition for this application ranges from about 5 - 7% SEBS. 57 - 
91% mineral oil, and 2 - 6 % polyethylene The composition disclosed contains no protective ingredients and thus if 
water or another contaminant penetrates the physical boundary created by the filling compound it will cause contam- 
30 ination of the filling compound and corrosion of the cable If used above ground, this filling material would be more 
susceptible to fungal and other types of contam.ination and would tend to oecome contaminated, in addition, the filling 
comipound taught has a tendency to flow out of above ground cables, especially where solar neat^ng (up to SO^C) is a 
factor 

United States Patent 4.370.117 of Levy which disclosure is incorporated herein by reference, represents an at- 
35 terr^pt to solve the problem of heat sensitivity of the filling compound disclosed in U S. Patents 4.259 540 and 4 1 76.240. 
The filling compound disclosed is for use with aerial cables and employs a styrene rubber (styrene-ethylene butylene) 
(SEB) diblock copolymer to replace all or pah of the SEBS used for filling underground cables SEB has a lower physical 
crosslink density which results in the oil of the composition being more effectively gelied. Accordingly, separation and 
flow of the filling compound at elevated temperatures is significantly reduced or eliminated However, this composition 

-0 also does not possess any anti-fungal or anti-corrosive prooerties 

in the communications industry it is commonplace for two cables to be connected at one or more spnce locations 
Typically, each cable comprises a multitude of individual conductors wn^ch must be spliced to icin the cacies It has 
been estimated that over two billion pair splice connections are made each year by the telephone industry It is obviously 
important in the moustry for these splice connections to be durable and. preferaoly permanent connections 

45 ' Tvoicai;y the incividual conductor enos to be spliced are brought and neid together m munipie contac: connectors 

such as the one discloseo in Unitea States Patent 3.355.15S of Henn et al whicn aisciosure is mcorpcratec nerein. 
Py ^e^e^ence To pro'ect the conductors tne connector is commonly pacKea with a filling com.pound wmch is mean- lo 
Pleven: the conductors from contacting water anc otner contaminants, masmucn as the exposure of splicec conauctors 
to wa'.er anc other c cntammants lowers the life-time of the connections Not only is the caoac tance caiancs cf trans- 
mission lines upset put also serious corrosion may occur. Telephone companies spenc many hours ana -^ucn expense 
'eoainnc lines and restoring telephone sen/ice following such damage to condu. .ors A major problem is that once 
water or^any other contaminant enters a cable or a multiple contact connector it typically sc^eaos througn t^e filling 
connpcunc :o ail cf t-.e conauctors witn:n -ne ccn-ector ana as a resulv the entire connecter -;ust be ^eciacec anc 
eac-. conoucio^ ^e-sci:cea ^nereicre !c c -eve-^: t'-e above croc. ems these ccmcames ^crevamcie -ave ceve.ccec 

55 *ii!ing compounos tor use in connectors A,t-.OL.gr r^.e pnysicai function of tne connecter tiil.ng r 

the cr^:Cice or me material is not Among me many parameters or cnaractenstics that nave m tne cast 
;mccnant tor materials used ;n tms aopucsticn are the nydrocnoDic nature oi the matenai its staCii.tv cn ac-g. o^w 
tempe^aiure properties fiow cnaracienst^cs at eievated temperatures processing cnaractenstics nanc.-g character- 
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istics. dielectric properties, toxicity, and cost. 

The filling compounds for use with cables as described above are not suitable for use in connectors. A lower 
viscosity material is used for connectors so that the filling compound will disperse within the voids created by the 
electrical conductors and the structure of the connector This problem has been solved in the industry by using a 
5 material having a higher amount of oil and/or different amounts of SEBS and polyethylene However, such a fillinq 
compojnc suffers from the same problems as the above filling compounds for use in cables in that contamination of 
the filling compound may occur which results in corrosion of the electrical conductors 

Filling compounds of the types as above described have been used in the industry and have been the source of 
user complaints due to yellowing of the filling compound This yellowing further has oeen seen to lead to corrosion and 
10 loss of telephone service Therefore if this filling compound is used m connectors, the filling comcound and the spliced 
conductors still are susceptible to corrosion and contamination over time due to contact with various contaminants 
such as fungus dirt, water, etc and teleohcne service may be interruoted. 

As IS apoarent from the foregoing discussion, it is a problem in the industry tnat tne filling compound in cables and 
spliced cable connectors is contaminated by exposure to water, dirt oust, fungus, insects and other contaminants 
This ccntamination eventually will cause decay of the filling compound and corrosion of the conductors Loss of tele- 
pnone service will result along with the need for expensive repair by tne telephone company 

SUMMARY OF THE INVENTION 

The foregoing problems are overcome by a filling compound in accoroance witn the present invention, which in- 
cludes 3n ingrecient which imparts protective properties to the filling compound More particularly, the inventors of the 
presen! invention nave discovered that the above discussed yellowing and contamination problems can be eliminated 
by including an anti-fungal ingredient in the filling compound. Surprisingly, the .nventors discovered that the anti-fungal 
ingredient additionally provides significant anti-corrosive protection for the electrical conductors when present in the 

2S compound in a particular range. 

Tne invention is characterized m that the filling compound comprises a mixture of a styrene-ethylene butylene- 
styrene triblock copolymer (SEBS). oil such as mineral oti. a low molecular weight polyethylene, and an antifungal and 
anti-corros;ve ingredient. Additionally, the filling compound may comprise a copper deactivator a styrene-ethylene- 
butylene (SEB) dfblock copolymer and/or polybutene oil Specifically, an anti-fungal compound which has been demt- 

30 onstrated to be effective in connectors is 2-(4-thiazolyl)-benzimidazole. The filling compounds of the invention have 
suitable temperature flow, capacitance stability, and processing characteristics equivalent to those of prior art materials 
and. further significant anti-corrosive properties. In addition, a cable or connector filled with the filling compounds of 
the invention experiences essentially no growth of fungus 

^5 DETAILED DESCRIPTION 

The filling compound of the present invention is an improvement over the filling compounds disclosed in U.S 
Patents 4,176,240 4.259.540 and 4.670,117 in that it retains all of the positive attributes of the filling compounds 
disclosed therein and. in addition, has resistance to contamination and protects the conductors from becoming corroded 

-0 due to exposure to fungus dirt, and other contaminants The inventors have found that the addition of an anti-fungal 
ingredient suostannally improves the ability of the filling comoound to resist corrosion and contamination. A preferred 
embodiment of the invention incorporates 2-(4-thiazolyl)-benzimidazole which is known in the art to be a preservative 
wn:ch effectively controls moid and mildew on paint films and on natural and synthetic fibers but has not insofar as 
aoplicants are aware, heretofore been used in a caole U\\\r,g comoound. Tne preservative is sold specifically for ^se 
in protecting natural and synthetic carpet fibers surface coating films and canvas textiles by Calgon Corporation under 
the trade name In addition to these known prcoerties of the chemical the inventors have found that, sur- 

onsingly the chemical aiso imparts significant anti-corrosive properties to the filling compound when present in the 
amount specified herein, properties which are not anticipated in the prior art One formulation of the filling compouna 
of the invention is set forth in Table T This formulation was arrived at to impart the desired physical and cnemical 

^0 o^coerties Id the rTing compound used in connectors. 
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TABLE 1 



Constituent 


Description 


Parts By Weight 


styrene-ethyiene outylene-siyrene tr'CiccK 
copolymer (SE3S) 


Viscosity at 23'C at 20 wt m tciuene tronn 
aoout 1 300 - 1 700 centipoises by A5TM D 
445 Available frorr Shell Cnemical Co unde^ 
tne trade designation Kraton G 1650 Styrene 
tc ■ uDber ratio from about C 2 to 0 5 


3 0 ± 0 15 


Oii 


Extender Oil type 104B pe^ ASTM D 2226 
Available from Pen^eco as DraKeoi 35 Aiso 
available fronn Arr^cco as VVhite Mmerai Oil # 
31 or # 35 


91 ± 1 


Low Moiecuiar Weignt Pciyethylene 


Drop nnelting point 1 5 91 ''C according tc ASTM 
C 127 Available from Aihec Chennica- 
Corporation under the trade designation 
AC9CF 


5 ± 0.25 


Antioxiaant 


Available tronn Ciba Geicy under the trade 
aesignation Irganox 1035 


0 5 mm 


Ccpoer Deactivator 


Available from Cica Geiqy under the ^rade 
designation lrganc)( 1024 


0,05 ± 0 005 


Dye 


Available fronn Keystone Analine Chemical 
Connpany as Oil Blue A, 


0.002 mm 


Fungai and Corrosion Innibitor 


Available from Calgon Corporation under the 
trade name Metasc! TK-100 


0.01-0.25 



The formulation is prepared as described hereinafter. Preheat the oil with the Irganox 1035 and Irganox 1024 to 
130 ± 5^C and add the other components while stirring. Stir until a homogeneous mixture free of agglomerates is 
obtained Increase the blend mixture to 1 50°C for a minimum of 1 hour and a maximum of 2 hours. Mamtain an inert 
gas blanket such as No or CO, over the mixing vessel during the 150=C portion of the mixing cycle 

The amount of funga! and corrosion tnhioitor is variable as long as the characteristics of the final compound are 
acceptable Amounts from about 0 01 to 0 25 pans by weight are sufficient to imparl ces.red qualities to the filling 
compounds of the invention While this range is the preferable range it is apparent that amounts above 0.25 parts by 
weignt may be used it the other properties of the filling compound are not negatively affected However amounts 
greater than 0.25 pans by weignt of the compound 2->'4-th!azolyl)-benzimidazcle wouid generally be considered eco- 
nomically unfeasible _ 

The composition prepared as in Table 1 should have the properties as in lable 2 



rABLE 2 



PROPERTY 


VALUE 


Viscos:ty c- 




1 


39 ± 3 per AS'M D 2535 


Drop Melting 


^om: 




E9 per ASTV1 C ^27 


Slump at 75 = 






Pass MS-17000. Se-t=on 1 061 e<cept modified as follows 
^lace 20 gms of material in eacn cf four aluminum dishes (No 
E-730C from -.sher Scientific Co .■ Heat to ' 30^C until melted. 
Condition for ' 6 tc 24 h p jrs at rocm temperature Place dishes 
on a siae (9C'anqiet in an oven at 75'C for a mininnum of 2 
"ours 






- ' 9 n^. p e ^ a ^ s 


^50 — 90 AS'VI D 2^ ~ 

-repare suitac e spec, men oy neatmg tc 130°C untii m.elted. 
' Sonait'O^ fc '5 to 24 -,cu^s at ^com temperature 
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TABLE 2 (continued) 



PROPERTY 


VALUE 


Oxidative Stability at 200°C, minutes 


10 per MS-17000. Section 1230 Procedure B: using copper 
pans 


Volume Resistivity, ohm-cm 


10^^ minimum per ASTM 257. 

Prepare specimen per MS-17000. Section 1057 and test per 
fiat specimens using unequal electrodes Top electrode shall 
be foil without guard electrode, bottom electrode shall oe 
shallow brass dish to hold the specimen. Measure the 
resistivity after one minute at 100 - 550 volts DC. 



The composition of Table I has been evaluated in terms of anti-funga! activity as well as anti-corrosive activity. The 
anti-fungal test was done in accordance with the specifications of the ASTM G-21 and FOTP-56 tests for fungal growth 
The samples, numbered as follows were 1) a specimen of the filling compound prepared as in the foregoing; 2) a 
specimen of the filling compound prepared as in the foregotng without the fungal and corrosion inhibitor: and 3) a strip 
of cotton duck. Each sample was placed in a petriplate and the petnplates were then inoculated with a mixed spore 
suspension by means of a fine mist atomizer. The following fungi were used: 



Fungus 


A 1 CC Number 


Aspergillus niger 




9642 


Penicillium funiculosum 




11797 


Chaetomium giobosum 


6205 




Gliocladium virens 




9645 


Aureobasidmm puliuians 




15233 


Aspergillus flavus 




9643 


Aspergillus versicolor 


11730 





30 

The inoculated specimens were incubated at +28^C to +30°C at not less than 85% relative humidity for a period 
of twenty -one days. Fungal growth was recorded at the end of each week in accordance with paragraph 9.3 of ASTM 
G-21 as follows: 

35 TABLE 3 



OBSERVED GROWTH ON SPECIMENS 


RATING 


None 


0 


Traces of growth (less than 10%) 


1 


Light Growth (10 to 30%) 


2 


Medium Growth (30 to 60%) 


3 


Heavy Growth (60°o lo complete coverage) 


4 



The test results were as follows: 

TABLE 4 



Sample 


Inspection at / Days 


.nspecticn at 14 Days 


Inscection at 21 Days 


1 


0 


0 


0 


2 




0 


1 


3 






4 



Copper strips coated with the filling compound were evaluated using the ASTM D ^ 30 copper strip corrosion test 
A small amount of sulfur was aoded to the compound \o accelerate corrosion, since sulfur is a known corrosive agent 
Tne results are summarizea tn Table 5 
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TABLE 5 


Temperature 


Time (Days) 


Standara Sealant + 50 ppm Suifur 


Stanaarc Seaiant ^ 50 ppm Suifur ^ 

0 05=^0 T<- '00 


60 


30 


Corrosion 


No Corrosion 


90 




Corrosion 


No Corrosion 



Tnys.^it can be seen from the above that the filling compouno of tne p-esen: invention su cstantiaiiy prevents 
contamration o: t-e filling :ompounO by fungus and prevents corrosion of ccooer wire 'ne filing c^omocund preparec 
as in Taole 1 is designee to oe used in plural conouctor connectors sucn as that o.sciosed m C 3 --aient 3 772 63:: ot 
Prey et ai which patent is incorporated nerein by reference It is anticipatea tnat tne invention in other emoodimenis 
is also suitable for use as a filling compound for cables whether underground or aerial, and for other apodcations foi 
use in cacies the ^nti-funcal/anti-oxidant ingredient can be used in an amount ranging from, about 0.C25 to 0.25 parts 
by weigrt in com,Dositions such as those disclosed in U.S Patents 4. i 76.2^0 4 259 540 and 4 570 117. 

It snould oe uncerstocd that the aoove described arrangements are sim.ply illustrative of 'he invention Cther ar- 
rangem.ents may ce devised by those sKiiled in the arl which emoooy the onncioies of tne invention and faH within tne 
spirit and scope trereof 



Claims 

1. A tiliing compound for use in a cable or spliceo cable connector, comprising a mixTure of 

a styrene block copolymer: 
polyethylene: 

napthenic or paraftinic oil: and 
a fungus and corrosion inhibitor, 

2. The filling compound of claim T wherein the copolymer is a styrene-rubber inblock copolymer having a styrene 
to rubber ratio of from, about 0.2 to 0.5 present in an amount from about 3 to 7 parts by weight. 

3. The filling compound of claim 1 ^ wherein the polyethylene has a softening point of from about 11 G°C to l 30°C and 
IS present m amounts from, about 2 to 5 parts oy weignt 

4. The filling compound of claim 1 , wherein the fungus and corrosion inhibitor is 2-(4-thiazoly l)-benzimiaazole present 
in amounts from about 0,01 to 0.25 parts by weight 

5. 'he filling compound of claim 1 . wherein the oil is type 1043 oil pe^ ASTM O 2225 present in amounts from about 
57 to 91 pans by weight. 

6. A filling compound fo^ use in a cable or spliced cable connector comprising 

trcm, aocut 0 9°o to 5°o styeno-rubne^ tnblock copolymer navmg a styrer-^e to ^L:PDer ^atio o' from aoout 0 2 
to 0.5. 

*rcm aocut 0 5 tc 4 ■ cans by weigni of a 30 70 mixture of styre^e-uccer tncioc,-. coco^ymer sty^ene-ruooer 
oibiocK coooiymer 

from about 5 9 tc 7 ^ parts oy weignt of polyethylene 

^^om acout 77 to 50 pans by weignt naothentc or paraffinic zr 

'^om aocul 7 tc ^ C 2 cans oy weignt pciybutene. and 
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spliced conductors: and 

a filling connpound for filling said voids comprising about 3 parts by weight styrene-ethylene butylene-sty rene 
triblock copolymer having a styrene-rubber ratio of about 0 2 to 0 5: about 91 parts by weight type 104B oil 
per ASTM D 2226: about 6 parts by weight polyethylene having a drop melting point of at least 91°C per ASTM 
^ D 127 and 2-f4-thia2olyl)-benzim[dazoie present in amounts from about 0 01 to 0 25 parts by weignt 

9. A filling compound for use in a spliced cable connecter ccn^iprising 

- aocroximately 3 parts by weight styrene-ethylene butylene-sty rene triblock copolymer naving a styrene-^ucber 
'0 ratio of approximately 0 2-0 5: 

apcroximately 91 pans oy weight type 104B oi) per ASTM D 2226 

at^croxtmately 6 parts by weight pciyethyiene having a aroo melting point of at least 9 1 ''C per ASTM D 1 27: and 
from about 0.01 to 0.25 carts by weight fungus and corrosion inhibitor: 

wherein said fiiling compound nas a viscosity of between acout 36 and 42 cP per ASTM C 2669 anc a drop 
melting point of about B9°C per ASTM D 1 27 
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